A0-A07e  679  OKLAHOMA  UNIV  NORMAN  DEPT  OF  CHEMISTRY  F/6  7/3 

OXY-  AND  THIO-  PHOSPHORUS  ACID  DERIVATIVES  OF  TIN#  V.  THE  X>RAY— ETC(U) 
NOV  79  K  C  MOLLOY  *  M  B  HOSSAIN  t  D  V  HELM  N00016-TT-C-0A32 
UNCLASSIFIED  TR-15  NL 


I  I 

*So7887» 


AD  A  0  7  8  6  7  9 


« 


OFFICE  OF  NAVAL  RESEARCH 
Contract  NOOO1A-77-C-0A32 
Task  No.  NR  053-636 
TECHNICAL  REPORT  NO.  15 


Oxy-  and  Thio-  Phosphorus  Acid  Derivatives  of  Tin.  V. 
The  X-ray  Crystal  and  Molecular  Structure  of  Bis-l0,0’ 
Dilsopropyldithiophosphate)diphenyltin(IV) ,  a  Monomeric, 
Molecular,  Virtual  Polymer. 

by 

K.C.  Molloy,  M.B.  Hossain,  D.  van  der  Helm  and  J.J.  Zuckerman 

and  I.  Haiduc 

Prepared  for  Publication 

in 

Inorganic  Chemistry 


University  of  Oklahoma 
Department  of  Chemistry 
Norman,  Oklahoma  73019 


Reproduction  in  whole  or  in  part  is  permitted  for 
any  purpose  of  the  United  States  Government 


UNCUSSIFIED 


^tCU^lTV  ct  ASSlUC  ATION  OF  TmIS  C'AOE  'Mh»o  Fntfrfd) 


i ^  ^  K.  C.  f MoTloy ,  M.  B. /fiossain,  D,  van  der^elm  aiid) _  I 

^  /  J.  jy  Zuckerman^  I.^laiducp . . '  J 


REPORT  DOCUMENTATION  PAGE 


I  BEPONT  NUMUt 


15 


2.  &OVT  ACCESSION  NO 


4  ^^_^T_I^T^^^^f«nd^Su6rnjjO  Joxy- 

Derivatives  of  Tin.  V.  The  X-ray  Crystal  and 


Molecular  Structure  of  Bis-[0,0'-Diisopropyl- 
dithiophosphate)dlphenyltin(IV) ,  a  Monomeric, 
Molecular,  Virtual  Polvmer.  j- - - -  — 

7c.  /m 


J 


9.  PEMFORMINO  C  NGANI  2  ATlON  NAME  AND  ADDRESS 

University  of  Oklalioma 
Department  of  Chemistry 
Norman,  Oklahoma  73019 


"■  CONTBOULINO  OFFICE  NAME  AND  ADDRESS 

Office  of  Naval  Research 
Department  of  the  Navy 
Arlington,  Virginia  22217 


MONITORIN:;  agency  name  i  dllf^r^nt  irom  Controtffr^n  O(tice) 


■  9)  '9^ 


£.C  I-  !- 


A 


'-S 


KKAIJ  INSTRUCTIONS 
HKFORT.  rOMUl-KTINC.  TOKV 


3  RECIPIENT'S  CAT  ALOO  NUMUER 


S.  TV. 


F  report  6  PCRICO  COVER: 


-Nj'tir-J 


E.  PERFORMING  ORO.  REPORT  NUMOER 


».  contract  or  grant  NUMBERfAj 


10.  PROGRAM  element.  PROJECT,  TAS' 
AREA  6  WORK  UNIT  NUMKERS 


NR  053-636 


i#  '0  / 


W 


aax.oA-t*. 

19  Nov 


79 


9.  NIIMDER  OF  P 
21 


IS.  SECURITV  Class,  (ol  «>/•  r*pori; 

Unclassified 


IS*.  DECLASSIFICATION,  downgrading 
SCHEDULE 


IS.  distribution  ST  ATEMEN  T  Co/ fA/*  a»porO 

Approved  for  Public  Release,  Distribution  Unlimited 


17.  distribution  statement  (ol  tho  obslrocl  tnlorod  In  Block  30,  H  dllloroni  Itom  Kopott) 

Prepared  for  Publication  in  Inorganic  Chemistry 


It.  supplementary  notes 


/,'J^  . 


It.  KEY  WORDS  (Conllnut  on  rovotat  aid*  II  n*c*aa«ir  and  Idontlly  by  block  numbor) 

Organotin,  Diphenyltin(IV) ,  Phosphoric  Acids,  Dithiophosphoric  Acids,  X-ray 
Diffraction,  Crystal  Structure,  Molecular  Structure,  Dithiophosphate  Ester 
Ligands,  Centrosymmetric  Monomer,  trans-Diphenyltin (IV) ,  Octahedron, 
Isobidentate  Chelation,  Sulfur  Intermolecular  Contacts,  Virtual  Polymer 


ABSTRACT  (ConlInO*  on  ravara*  aid*  ff  na^tdOry  *nd  Idonlily  by  block  numbar;  m  ci  17 

Bis- (0,0* -^iisopropopy  .dithi^phosphi^o) diphenyl tin (IV) ,  C2  4H3  804S4P2Sn, 
crystallize^ln  the  monoc  .inic  SMce  P2i/n  with  a=17. 517(7),  b=14.212(7Xr^ 
c»6. 341(8)^=100.  63(7)»  V=155lX3,  Z=4,  Pcalc=1.50  gm  cm"3 ‘^i7‘u=12 . 17cm" 

The  structure  was  determined  by  thfe  heavy  atom  technique  from  3195Nref lections 
measured  at  138+2K  on  an  automatic/  diffractometer  using  nonochromatM  Mo-K 
radiation  to  a  final  R  value  of  0J0522.  The  tightly  packed,  centro-Kymmctric . 
structure  consists  of  trans-dipheAyltin(IV)  units  octahedrally  coordinated  n  / 


DD  1473  EDITION  OF  I  NOV  6S  IS  OBSOLETE  ^  j  ^  J  *i- 


s;;;oro^^F.o^:;6o^  T It  ^ ,  ^"classified  / _ 

(A  SCCURl'TV  CLASSIFICATION  OF  THIsAaCC  /l«i*n  0*i*  t.'i« 

'J; 


/  h  K/W 


V  V 


ICUNtTv  Ct  ASSiriC  ATIOH  OF  ThiS  PAOC  D«i* 


by  sy^ietrically  chelating  dl thlophosphate  ester  ligands.  There  are  short 
(3.30A)  Intermolecular  sulfur-sulfur  atom  contact  distances  bringing  the  tin 
atoms,  whlcl)  lie  alcng  the  axis  of  propogatlon  of  the  needle-like  habit,  to  a 
distance  of  6.34A. 


AootMion  For 

“Sris  aaua 

DOC  TAB 
Unasinouncad 
Juatlf loallon 


By _ 

Diiitributlon/ _ 

_  Avail ability  Codes 

Avail  and/or 
Dlst.  apodal 


(tCUNiTV  CbASSiriCATION  OF  THIS  PAOEf'*X»n  0**«  Kntarc^) 


ABSTRACT 

Bis-(0, 0'-dl isopropopy Idl thlophosphato)ciij)henyl tin (IV) ,  C2^H^gO^S^P2Sn, 
crystallizes  in  the  monoclinic  space  group  P2j^/n  with  a“17. 517(7) ,  b=lA. 212 (7) , 
c“6.3Al(8)A,  e“100.63(7)" ,  V-155LA^,  Z-A,  R'"  c"*  ^  P-12. 17cm 

The  structure  was  determined  by  the  heavy  atom  technique  from  3195  reflections 
measured  at  138+2K  on  an  automatic  diffractometer  using  monochromated 
Mo-K^  radiation  to  a  final  R  value  of  0.0522.  The  tightly  packed,  centro- 
symmetrlc  structure  consists  of  trans-diphenyl t in (IV)  units  octahedrally 
coordinated  by  s>Titmetrlcal  ly  chelating  dlthlophosphate  ester  ligands. 

O 

There  arc  short  (3.30A)  Intermolecular  sulfur-sulfur  atom  contact  distances 
bringing  the  tin  atoms,  which  lie  along  the  axis  of  propogatlon  of  the 

O 

needle-like  habit,  to  a  distance  of  6.34A. 


In  the  fourth  part  of  this  series  we  described  the  preparation  of 

II 

a  series  of  diorganotin  dlthiophosphate  esters,  R2SnSP(0R' )2,  where 
R“CHj-  and  and  R’-CH^-,  C2H^-,  n-C^H^-,  i-C^H^-,  n-C^H^-  and 

and  their  characterization  by  Infrared,  nmr  and  ^^^'Sn  Mdssbaucr 

1  2 
spectroscopies.  Such  systems  are  of  Interest  structurally  since 

the  dlthiophosphate  ester  ligand  can  adopt  a  monodentate  configuration, 

as  we  have  found  for  0, O' -diet hvldithiopliosphatot r Ipheny It  in (I V) , 

^  '  3 

(C,H.)-SnSP(OCTH  )  ,  which  is  described  in  Part  II  of  this  series  , 
o  j  j  /  j  z 

4 

is  extremely  rare.  V'irtually  all  other  known  complexes  of  these  ligands 
engage  the  metal  in  chelating  or  bridging  bidentate  behavior. 


The  title  compound,  0,0'-diisopropyldithiophosphatodiphenyltin(lV) , 

was  synthesized  by  the  action  of  diphenyltln  dichlorlde  on  the  ammonium 

salt  of  dilsopropyldithiophosphorlc  acid: 

S 


(C^H^)2SnCl2+2(NH^)SP(C^H2-l)2- 


88S: 


S 

II 


(C6H5)2SnlSP(OC3H2-i)2]2+2NH^Cl 


(1) 


or  by  the  action  of  diphenyltln  oxide  on  the  free  acid: 
S 


(C^H5)2Sn(H2HSP  (€3112-1)2- 

S 

II 


65% 


(C^H^) 2Sn  1 SP (OC^H^-i ) ^ ] 2+H2O 


(2) 


The  white  crystalline  product  which  molts  at  lOS^C  was  studied  by  tin-119m 
Mossbauer  spectroscopy.  The  isomer  shift  (I.S.)  (=l.AC^0.02mm/s)  and  quadrup*^!*-’ 
splitting  (Q.S.)  ("3. 78+0. OAmm/s)  values • (p“2. 70)  specify  a  higher  than 
four-coordinated  situation  at  the  tin  atom.^ 


The  magnitude  of  tlie  slope  of 


the  tomporuture  depondt-ncf  of  the  area  under  the  Mhssbavior  resonance  (-1.06x10  K  ) 

()—  H 

between  77  and  1S5K  indicates  that  the  tin  atom  is  firmly  held  in  tlie  lattice, 
more  firmly  sc  than  in  the  cor  respond  ins  bis- (0, 0* -diethyl v ithiophosphato)- 

II 

dlphenylt in(lV) ,  (C  H  )^Sn[Sr(0C,H  ),]^,  whose  structure  has  recently  been 

-2  .-1 

published.  This  latter  material,  which  exhibits  a  slope  of  -1,92x10  K  between 

77  and  130K,  exists  as  monomeric,  six-coordinat ed  units  with  tin  in  a  badly 

distorted  octahedral  environment  with  trans-diphenvl  groups  and  anlsobidentate 

dithiophosphate  lij;ands  about  the  girdle  of  the  molecule.  The  two  short  Sn-S 

distances  are  c i s-or lent ed.  which  allows  an  alternative  view  of  the  structure 

as  a  badly  distorted  tetrahedron  about  tin  involving  the  two  phenyl  groups 

9 

and  two  nearest  sulfur  atoms.  However,  the  rather  wide  C-Sn-C  angle 
(135*)  and  acute  S-Sn-S  angles  (69.2  and  84.5“),  along  with  the  tin-119m 
Mbssbauer  evidence  make  this  interpretation  seem  less  likely.  Finally,  a 
tre.atment  of  the  M8ssbauer  and  low-energy  Raman  data  based  upon  the  effec¬ 
tive  vibrating  mass  model  developed  by  Herber^^  yields  a  unit  molecularity 
for  both  compounds  for  the  intermolecular ,  Intra-unit  cell,  lattlc  mode 
observed  at  28  and  34  cm  ^  for  the  diethyl-  and  diisopropyl  derivatives, 
respectively,  in  the  Raman  spectra. 

We  report  in  this  paper  the  results  of  a  single-crystal,  X-r.ay 
diffraction  investigation  of  the  diisopropyl  dithiophosphate  ester  to 
determine  the  manner  in  which  this  lattice  is  tightened  with  respect  to 
its  diethyl  ester  analogue. 


KxperlmMUal  S>‘ct  ton 

Crystal  Dat.i.  Colorless,  nooil  lo- 1  ike  crystals  of  tiie  title  compound 
suitable  tor  iutetisity  measurements  were  obtained  by  sli’w  evaporation  of  a 
benrene  solutioiu  A  crystal  of  approximate  diraensii'ns  0,1  Smm  x  0.1 ''imn  x  O.sOiwi 
w.(s  used  in  the  initial  d  i  f  t  rac  t  omel  ry  invest  ip,at  ii'n  and  subsequent  data 
collection.  Data  were  obtained  at  1  38_f  JK  with  a  cv'unter  di  f  t  r.u'ti'inet  er 

(Knraf-Nonius)  conlrolUsI  by  .i  TOl’S/e  ci'mputer  and  fitted  with  a  low 
temperatvire  apparatus.  Crystal  data  .ire  listed  in  T.ible  1. 

Collection  and  Reduction  v't  Inl  ensit  y  O.ita 

All  reflect  iv'ns  with  -Oj^S.'l*  weie  me.isured  .at  138jt_»l'  on  the  .ibove-ment  iv'ned 
diffractometer  usinq  0-20  sc.in  techniques  with  vari.ible  sc.in  rates  (v)  usiii}; 
j-irconium  filtered,  Mo-K  r.idiation.  The  an.qular  sc.in  width  was  variable, 
and  obtained  from  iO.  70  O.  IS  tanOl".  An  aperture  of  v.iriable  width 
(0,3.S  +  0,8h  t.inOl  mm  and  at  constant  hei(;ht  (o  mm)  was  locat,'d  at  I73mm 
from  the  crystal.  Kach  reflection  w.is  sc.anned  for  a  m.ixlmum  of  t'Os,  of 
which  two-thirds  was  spend  scanning  the  peak  (T),  the  remaiuiui;  time  beinj; 
divided  equ.illy  between  the  left  and  ri>;ht  backgrounds  U-b,  Kb  respectively). 
Scaled  intensities  (1)  were  obtained  from  1“  (r-2tl.b  •+  Rb)],\'. 

Reflection  fb  8  1)  was  used  as  standard,  .'nd  its  intensltv  I'.K'uitored 
every  27  reflections.  The  maximum  v.iriation  in  the  standard  was  £a.  7X, 
although  for  most  of  the  data  (80t) ,  v.iriation  was  less  than  sT.  Centering 
was  based  upon  three  reflections  monitored  every  100  data  points;  for 
angular  change  '0.11",  .i  new  orientation  m.itrix  w.is  automatically  vietermined 
from  a  list  of  11  reflections.  In  all,  3191  Independent  reflections  were 
measured,  of  which  117  were  considered  indistinguishable  from  the  b.ickground 
(l2_2o(l)]  and  were  assigned  an  Intensltv  of  T  “  where  1'“!'  +  2tl.b  +  Kb). 


Mructurc  l.ictors  tor  i-aoli  reflection  were  asisii;ned  a  welj;l>t 

wliere  0^,2  is  given  by 

l,o£+(0.0slv^, 
vLV>liv)  ‘ 

1/2 

and  o“T  V,  and  l.p  is  the  Lorentz  and  polarization  taclor.  Corrections 
for  absvirptlon  were  also  made. 


Structure  Pi-terminat  ion  and  Kefin«>ra*'nt 


/I"' 


The  position  I'f  the  tin  atom  was  obtianod  frora  a  Patterson  map,  and  found 
to  lie  On  the  special  position  0,0,0  ithe  cryst.il  lograpliic  center  of  syimnet  ry) . 
The  positions  of  the  non-hydiv'gen  1  iglit  atoms  were  located  by  a  succession  ol 

block-diagonal  least  Svjviares  refinements^'^  followed  by  a  difference  Fourier 
synthesis.  S\ibsequent  cycles  of  least-squares  refinement  allowed  the  tliormal 
parameters  to  vary  isotropically.  Initially,  and  anisot topical ly  in  later 
stages,  to  yield  an  K-factoi  Of  0.05a  for  all  data.  At  this  point,  correc¬ 
tion  was  made  for  the  anomalous  dispersion  of  tin,  and  the  structxire  further 
refined  before  all  non-methyl  hydrogen  atoms  were  located  frora  a  final  diffe¬ 
rence  Fourier  synthesis.  Refinement  was  concluded  when  shifts  In  all  para¬ 
meters  were  less  than  one-third  of  their  corresponding  standard  deviation. 

The  final  R  factor  was  0.033  for  the  2599  reflections  included  in  the  least- 
squares  calculations  and  0.0522  over  all  data.^.^^ 

The  scattering  factors  used  were  for  neutral  atoms,  and  wore  taken 
from  Refs.  12  (Sn,  C,  F,  S,  0)  and  13  (H) . 

Final  positional  and  thermal  parameters  for  non-hydrogen  atoms  are  listed 
in  Tables  II  and  111,  respectively.  The  correspond ing  parameters  for  the 
located  hydrogen  atoms,  which  are  luimbered  according  to  the  carbon  to  which 
they  are  bonded,  are  given  in  Table  IV.  Final  intramolecvilar  distances 
and  angles  arc  listed  in  Tables  V  and  VI.  Figures  1  and  2  show  the 
astTTimetric  unit,  with  atomic  numbori>\g,  and  the  contents  of  the  unit  cell. 


respective ly . 


The  tighteninp.  of  the  lattice  In  the  title  conpouiui  compared  to  its 


which  was  predicted  by  the  tiii-119ra  Mbssbauer  I.S 


and  Q.S.  data,  the  slope  of  the  plot  of  the  area  under  the  resonance  curve 


ys .  temperature,  and  the  molecularity  of  the  vibrating  unit  from  the  effec 


energy. 


seen  in  the  more  ssmunetr ical ,  monomeric  complex  depicted  in  Figure  1,  and 


shown  packed  into  the  asymmetric  unit  in  Figure 


symmetric  about  the  tin  atom.  The  trans-d i phony 1 t in  octahedron  with  bidon 


formed  by  the  tin  and  four  virtually  equidistant  sulfur  atoms  contrasts  with 


the  severely  anisobldentate  ligands  in  the  diethyl  ester  analogue.  The  angles 


at  tin  between  oppositely  placed  sulfur  atoms  are  all  180 


sulfur  distances  are  2.689(1)  [Sn(l)-S(l)]  and  2. 678 (1 )A [Sn (1)-S (2) ] 


The  Sn(SPS)_  moiety  is  essentially  planar  (equation  of  least-squares  plane 


0.0012  X  -0.096y  -  O.llSz  "  0)  with  deviations  from  this  plane  having  a 


minimum  of  O.OOA  [for  Sn(l)]  and  a  maximum  of  +0.027A  [for  P(l)  and  P(l')] 


The  more  tightly  bound  to  the  metal  atom  to  wiiich  it  is  attached,  then 


the  longer  is  the  bond  that  the  sulfur  atom  in  the  dithiophcsphate  ester 


ligand  makes  with  phosphorus 


diethyldithiophosphatotriphenyltin(I\’) ,  whose  structure  we  have  recently 


and  the  adduct  of  Ni [ S,P (OCH^) » ] „  with  2, 9-dimethyl-l , lO-phenan 


solved 


throline,  which  contain  monodentate  ligands 


are  chelated  and  contain 


anisobidentate  arrangements  of  the  ligand  sulfur  atoms.  The  longer  sulfur 


metal  internuclear  distances  in  those  complexes  are  ascribed  to  coordinate 


covalent  bonding,  with  the  adjacent  sulfur  to  phosphorus  interaction  written 


as  a  double,  P=S  bond.  These  shorter  P“S  distances  are  found  to  lie  in  the 


range  1.85-1.95  with  the  corresponding  single  P-S  distances  at  1.99-2.19A 


The  sulfur  to  phosphorus  distances  in  the  title  compound  [r(l)-S(l) 


o 

P(l)-S(2)  ■  2.006(2)Al  lie  outside  the  P-S  range,  and  at  the  low  end  of 
the  single  bond  range.  This  is  interpreted  as  reflecting  extensive 
deloca  1  i;:at in  within  the  S-P-S  raoiety;  that  is,  an  almost  equal 
contribution  of  canonical  resonance  form  (B)  to  the  overall  electron 
distribution  of  the  system  (c). 


Direct  comparison  nay  be  made  with  the  monomeric  structure  of  the  corresponding 
diethyl  ester ,  bis- (O,0'-diethyldithiophospliato)diphenyltin (IV) 
torted  octahedral  witli  chelating,  anisobidentate  dithiophosphate  ester 
ligands  and  where  resonance  form  (A)  dominates  the  electron  distribution. 

The  four  sulfur  atoms  lie  in  an  equatorial  plane  and  the  diphcnyltin  system 
makes  an  angle  of  135".  The  shorter  sulfur-tin  distances  at  2. 48  and  2.49 
(shorter  than  ours)  are  on  the  same  side  of  the  plane,  with  the  larger 

O 

distances  opposite  at  3.20  and  3,23A  (longer  than  ours).  This  structvire 
may  be  considered  to  be  midway  between  tetrahedral  and  octahedral  at  tin. 

The  sulfur-phosphorus  distances  found  in  the  title  compound  (1.998(2)  and 
2.006(2))  are  midway  between  those  found  for  the  P=S  (1.92(3)  and  1.94(1)] 

O 

.and  F-S  1^2.03(1)  and  2.04(2)Al  bonds  in  the  ethyl  ester  analogue.  The  average 

9 

of  the  two  sets  of  sulfur-tin  distances  in  the  latter  complex  (2.85)  is 

O 

somewhat  larger  than  in  the  title  compound  (2.684A). 

It  h.as  been  noted  that  in  diorganotin  systems,  the  magnitude  of  the 
Mossbauer  Q.S.  parameter  is  a  function  of  the  S-elcctron  content  of  the 
Sn-C  bonds,  and,  hence,  the  C-Sn-C  angle,'  Moreover,  the  Q.S.  value  is  found 
to  increase  from  cii.  2.0mras  ^  for  the  cis-isomer  (C-Sn-C  =  90")  to  ca.  4.00 
mms  ^  for  the  trans-ist^mer  (C-Sn-C  =  180")^,  We  find  that  the  Q.S.  value 
increases  from  3,12  to  3.67  mms  in  going  from  the  diethyl  for  the  iso-propyl- 


ester,  reflecting  to  the  observed  opening  of  the  C-Sn-C  angle  from  135*  to 
180*. 

The  prismatic  crystals  of  the  ethyl  ester  analogue  contrast  with  the 
needle-llke  appearance  of  the  crystals  of  the  title  compound,  and  the  much 
less  severe  dependence  of  the  area  of  the  tin-119m  MBssbauer  resonances  with 
temperature  of  the  latter  would  lead  to  the  expectation  of  a  pol>Tneric  structure. 
Indeed,  in  the  lead  (II)  system  the  bis-(0,0'-diethyldithiophosphate)  deriva¬ 
tive  is  a  chelated  monomer, while  its  diisopropyl  analogue  is  a  polymer 
whose  structure  involves  anisobentate  chelation  from  two  dithiophosphate 
ester  ligands  which  lie  in  a  plane  containing  the  lead  (II)  lone  pair  along 
with  short,  out-of-plane  interactions  with  neighboring  sulfur  atoms  to  create 

pentagonal  bypyraraidal  geometry  about  the  lead  atom,  ^  However,  in  the  zinc (II) 

17 

series  the  diethyl  ester  forms  a  polymer,  while  its  diisopropyl  analogue 

18 

contains  dimeric  units  in  the  solid.  Anisobidentate  bridging  is  the  rule 

in  these  and  other  related  structures  involvind  the  dithiophosphate  ester 
4 

group. 

The  dithiocarbamate  is  also  of  interest.  Here  the  dimethyltin(IV) 

19-21 

derivatives  are  t rans-oc tahedral .  but  the  structure  of  bis- (N-diethyl- 

dithiocarbaraace)diphenyltin(lV)  contains  a  cis-diphenyltin  system  with  a 

22 

C-Sn-C  angle  of  101.4®.  This  change  has  been  discussed  in  terms  of  the 

effect  of  the  size  of  the  phenyl  group  upon  the  minimization  of  the  inter¬ 
ligand  repulsions  and  the  of  the  tin-carbon  and  -sulfur  bonding. 

In  the  present  study,  on  the  other  hand,  the  change  in  the  structure  at  tin 
from  the  ethyl  analogues  is  produced  by  differences  on  the  periphery  of 
the  molecule. 

The  molecules  stack  along  the  £-axis  'to  give  rise  to  the  observed, 
needle-like  habit.  Figure  2  shows  the  arrangement  of  the  ligands  which 
produces  the  linear  tin-tin  array  along  jc.  In  Figure  3  this  arrangement 
is  viewed  from  the  side  to  show  that  the  -S-P-S-units  are  not  perpendicular 


to  this  axis  (that  is,  the  P - Sn - P  vector  is  not  normal  to  c),  but 

rather  that  the  ligand  system  is  somewhat  rotated  about  the  tin  atom  to 

bring  pairs  of  sulfur  atoms  on  the  opposite  sides  of  alternating  molecules 

23 

together.  The  van  der  Waals  radius  of  sulfur  is  given  as  1.85  ;  the  covalent 

*  24 

radius  as  1.04a.  The  shortest  interraolecular  sulfur-sulfur  contact  in  this 

O 

crystal  at  3. 30A  (S (2“ )-S (2 ' ) ]  is  tiius  intermediate  in  distance. 

We  note  a  remarkable  fact.  The  relatively  short  tin-tin  distance  along 

O 

the  £-axis  [6.341(8)A]  is  within  the  bridging  range  for  dithiophosphate 
ligands.  For  example,  the  distance  between  dithiophosphate-br idged  zinc  atoms 

e 

in  the  Zn[S2P(OC2H^)^]2  one-dimensional  polymer  is  6.82A.  That  is,  the 
four  sulfur  and  two  phosphorus  atoms  that  chelate  each  tin  in  our  structure 
could  be  rearranged  to  lie  between  instead  of  about  the  tin  atoms,  thereby 
linking  together  diphenyltin  units  at  an  equivalent  distance  into  a  polymer 
of  equal  dimensions  and  density.  The  anisotrop’ic  thermal  parameters  from  the 
X-ray  and  the  slope  of  the  plot  of  ffdssbauer  resonance  area  v£-  temperature 
would  then  not  be  expected  to  differ  in  the  resulting  polymer  from  those  in 
the  array  of  monomers  actually  found.  The  factors  which  determine  how  tightly 
the  tin'  atoms  are  held  include,  inter  alia.  (1)  the  number  of  nearest  neigh¬ 
bor  atoms  and  their  distance;  (ii)  the  strength  of  the  interactions  arising 
from  the  packing  of  molecules  in  the  lattice  which  may  be  bonding  (as  in  a 
true  polymer)  or  non-bonding  (van  der  Waals  forces);  (iii)  the  mass  of 
these  neighboring  units.  None  would  be  expected  to  change  in  the  polymer 
corresponding  to  our  structure.  Our  strcture  may  best  be  described  then 
as  a  "virtual  polymer"  created  by  the  packing  forces  which  can  operate 
more  powerfully  in  this  isopropyl  ester  derivative  than  in  its  ethyl  analogue. 
These  packing  factors  are  reflected  in  the  anomalously  small  slope  of  the 
Mbssbauer  resonance  area  temperature.^  Interpretation  of  variable 
temperature  flbssbauer  data  should  take  this  possibility  into  account. 

So  far  as  we  are  aware,  tne  structure  of  the  title  compound  is  the  first 


example  of  a  monomeric  tin  species  vith  the  same  dimensions  as  its  corres¬ 
ponding  pooymerlc  form,  although  information  concerning  the  location  of 
the  next  nearest  molecule  and  the  shortest  contact  distances  are 

2 

surprisingly  difficult  to  obtain  from  published  structure  reports. 
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Table  I,  Crystal  Data 


Formula 

C2A«38V2 

Formula  weight 

699.49 

Crystal  system 

Monoclinic 

• 

a,A 

17.517(7) 

b,A 

14.212(7) 

C.I 

6.341(8) 

6,deg 

100.63(7) 

•3 

V.A-* 

1551 

Space  group 

P2^/n 

Z 

4 

-3 

D  gn  cm 

calc 

1.50 

-1 

M>  cm 

12.17 

d 


. . . . *  [  ,* ' "  '  . . . . •-'"""•  '  *"" 

4 

Table  II.  Final  Positional  (xlO  )  Parameters  for  the  Non-Hydrogen  Atoms 
In  (C^H,).Sn[S^P(OC^Hp^). 


Atom 

JC 

1 

Sn(l) 

0 

0 

0 

P(l) 

1225(1) 

1537(1) 

-1173(2) 

S(l) 

1030(1) 

1305(1) 

1789(2) 

S(2) 

533(1) 

737(1) 

-3335(2) 

0(1) 

2113(2) 

1415(2) 

-1313(5) 

0(2) 

1158(2) 

2616(2) 

-1808(5) 

C(l) 

-909(2) 

1030(3) 

-331(7) 

C(2) 

-1037(3) 

1519(3) 

1478(8) 

C(3) 

-1678(3) 

2119(4) 

1341(9) 

C(4) 

-2180(3) 

2235(4) 

-608(9) 

C(5) 

-2041(3) 

1768(4) 

-2412(9) 

C(6) 

-1409(3) 

1168(3) 

-2271(8) 

C(7) 

2474(3) 

478(3) 

-881(7) 

C(8) 

2769(3) 

197(4) 

-2883(8) 

C(9) 

3103(3) 

575(4) 

1093(9) 

C(10) 

385(3) 

3064(3) 

-2258(8) 

C(ll) 

277(3) 

3441(4) 

-4531(9) 

C(12) 

369(4) 

3819(4) 

-584(9) 

(a)  Estimated 

standard  deviations 

in  parentheses. 

J. 


Table 

III.  Final 

Anisotropic 

Thermal  Parameters 

for  Non- 

-HydroRcn  Atoms 

In  (C^H 

lj)2Sn[S2P(OC3H^)2] 

(b) 

2 

• 

Ull 

U22 

U33 

U12 

W3 

li23 

Bd) 

93(  2) 

120(  2) 

125(  2) 

-2(  2) 

23(  1) 

4(  2) 

(1) 

119(  5) 

143(  5) 

140(  5) 

-22(  4) 

35(  4) 

-8(  4) 

(1) 

152(  5) 

200 (  5) 

UK  5) 

-39(  4) 

19(  4) 

-32(  4) 

(2) 

162(  5) 

167 (  5) 

95(  5) 

-22(  4) 

23(  4) 

-6(  4) 

<1) 

131(15) 

168(15) 

279(18) 

-16(12) 

86(13) 

28(13) 

(2) 

194(17) 

137(15) 

284(18) 

-15(12) 

69(13) 

16(13) 

a) 

150(21) 

128(20) 

213(23) 

0(17) 

52(17) 

40(18) 

^2) 

1 

183(23) 

180(24) 

261(25) 

4(18) 

42(18) 

20(19) 

b) 

315(27) 

212(26) 

380(31) 

47(22) 

95(23) 

15(22) 

14) 

267(27) 

298(29) 

489(35) 

133(23) 

60(24) 

90(25) 

js) 

239(27) 

342(30) 

347(30) 

68(22) 

-49(22) 

85(24) 

r 

188(23) 

230(25) 

259(26) 

15(19) 

7(19) 

.  32(20) 

1 

171(23) 

193(25) 

273(25) 

25(18) 

77(18) 

2(20) 

1) 

305(27) 

419(35) 

272(27) 

43(23) 

86(21) 

-50(23) 

|> 

264(27) 

535(39) 

285(29) 

126(25) 

-26(22) 

15(26) 

r 

228(24) 

149(24) 

340(28) 

21(15) 

115(20) 

-6(20) 

r 

399(30) 

385(33) 

334(30) 

43(23) 

33(24) 

132(26) 

r 

560(38) 

268(30) 

412(33) 

51(26) 

219(29) 

-124(25) 

Anisotropic  thermal  parameters  are  of  the  form:- 


'  txp{-2n^(U^jh‘a*^+U,2*«-^b*^+U2^1^£*^+2Uj2hka*b*+2Uj^^hla*c_*+2U23klb*c*)  \  • 

iBstiroated  standard  deviations  in  parentheses. 


Table 

III.  Final  Anisotropic  Thermal  Parameters 

for  Non- 

-Hydrogen  Atoms 

in 

Sn(S2P(0C3Hy)2] 

(b) 

2 

Sn(l) 

Ull 

93(  2) 

U22 

120 (  2) 

U33 

125(  2) 

D12 

-2(  2) 

U13 

23(  1) 

£23 

4(  2) 

P(l) 

119 (  5) 

143(  5) 

140 (  5) 

-22(  4) 

35(  4) 

-8(  4) 

S(l) 

152(  5) 

200  (  5) 

llK  5) 

-39(  4) 

19(  4) 

-32(  4) 

S(2) 

162(  5) 

167 (  5) 

95(  5) 

-22(  4) 

23(  4) 

-6(  4) 

0(1) 

131(15) 

168(15) 

279(18) 

-16(12) 

86(13) 

28(13) 

0(2) 

194(17) 

137(15) 

284(18) 

-15(12) 

69(13) 

16(13) 

C(l) 

150(21) 

128(20) 

213(23) 

0(17) 

52(1?) 

40(18) 

C(2) 

183(23) 

180(24) 

261(25) 

4(18) 

42(18) 

20(19) 

C(3) 

315(27) 

212(26) 

380(31) 

47(22) 

95(23) 

15(22) 

C(4) 

267(27) 

298(29) 

489(35) 

133(23) 

60(24) 

90(25) 

C(5) 

239(27) 

342(30) 

347(30) 

68(22) 

-49(22) 

85(24) 

C(6) 

188(23) 

230(25) 

259(26) 

15(19) 

7(19) 

.  32(20) 

C(7) 

171(23) 

193(25) 

273(25) 

25(18) 

77(18) 

2(20) 

C(8) 

305(27) 

419(35) 

272(27) 

43(23) 

86(21) 

-50(23) 

C(9) 

264(27) 

535(39) 

285(29) 

126(25) 

-26(22) 

15(26) 

C(10)  . 

228(24) 

149(24) 

340(28) 

•21(15) 

115(20) 

-6(20) 

C(ll) 

399(30) 

385(33) 

334(30) 

43(23) 

33(24) 

132(26) 

C(12) 

560(38) 

268(30) 

412(i3) 

51(26) 

219(29) 

-124(25) 

(a)  Anisotropic  thermal 

parameters  are 

of  the  form:- 

10^  exp{-27r2(Uj^jh^a*^+U22‘tV^+U23l  V^+2U^2^ka*b*+2Uj^3hla*c*+2U23klb*c*)  >  • 


(b)  Estimated  standard  deviations  in  parentheses 


r 


Table  V.  Final  Intranolecular  Distances  (A)  In  (CgH^)2Sn[S2P(OC^H^)2]2^  ’ 


Sn<l)  — 

-  S(l) 

2.689(1) 

C(l)  - 

C(2) 

1.394(6) 

Sn(l)  — 

-  S(2) 

2.678(1) 

C(2) - 

C(3) 

1.399(7) 

Sn(l)  — 

-  C(l) 

2.145(4) 

C(3) - 

C(4) 

1.388(8) 

C(4) - 

C(5) 

1.383(8) 

P(l) - 

S(l) 

1.998(2) 

C(5) - 

C(6) 

1.387(7) 

P(l) - 

S(2) 

2.006(2) 

C(6) - 

C(l) 

1.386(6) 

P(l) - 

0(1) 

1.584(3) 

P(l) - 

:0(2) 

1.584(3) 

C(2)  - 

H(2) 

1.04(5) 

C(3) - 

H(3) 

1.07(2) 

0(1) - 

C(7) 

1.476(6) 

C(4) - 

H(4) 

1.03(6) 

0(2) - 

C(10) 

1.478(6) 

C(5) - 

H(5) 

1.01(6) 

C(6) - 

H(6) 

1.00(4) 

C(7) - 

C(8) 

1.510(7) 

C(7) - 

C(9) 

1.514(7) 

C(7) - 

H(7) 

1.00(5) 

C(10)  — 

C(ll) 

1.517(8) 

C(10)  — 

U(10) 

1.02(4) 

C(10)  — 

C(12) 

1.514(8) 

Estimated  standard  deviations  in  parentheses. 


I 


Table  VI.  Final  Intramolecular  Bond  Angles  (deg.)  In  (C^Hj)2Sn[S2P(OCjH^)2l2^*^ 


C(l) - 

Sn(l)  — 

-  C(l') 

180 

S(l) - 

Sn(l)  — 

-  S(l') 

180 

S(2) - 

Sn(l)  — 

-  S(2') 

180 

S(l) - 

Sn(l)  — 

-  S(2) 

76.03(3) 

S(l) - 

Sn(l)  — 

-  C(l) 

89.29(11) 

S(2) - 

Sn(l)  — 

-  C(l) 

90.94(12) 

Sn(l)  — 

•S(l) - 

P(l) 

86.26(5) 

Sn(l)  — 

S(2) - 

?(1) 

85.38(5) 

S(l) - 

P(l) - 

S(2) 

111.26(7) 

S(l) - 

P(l) - 

0(1) 

111.98(12) 

S(l) - 

P(l) - 

0(2) 

112.38(13) 

S(2) - 

P(l) - 

0(1) 

112.04(13) 

S(2) - 

P(l) - 

0(2) 

111.57(13) 

0(1) - 

P(l) - 

0(2) 

96.88(17) 

P(l) - 

0(1) - 

C(7) 

118.65(27) 

P(l) - 

0(2) - 

C(10) 

119.28(27) 

0(1) - 

C(7) - 

C(8) 

106.52(37) 

0(1) - 

C(7) - 

C(9) 

107.01(38 

C(8) - 

C(7) - 

C(9) 

114.16(42) 

0(2) - 

C(10)  — 

-  C(ll) 

106.57(39) 

0(2) - 

C(10)  — 

-  C(12) 

107.73(39) 

C(ll)  — 

-  C(10)  - 

-  C(12) 

113.61(44) 

Sn(l)  — ■ 

-  C(l)  1- 

-  C(2) 

119.27(32) 

Sn(l)  — 

-  C(l)  — 

-  C(6) 

121.29(32) 

C(2) - 

C(l) - 

C(6) 

119.24(41) 

C(l) - 

C(2) - 

C(3) 

120.11(43) 

C(2) - 

C(3) - 

C(4) 

119.78(48) 

C(3) - 

C(4) - 

C(5) 

120.03(51) 

C(4) - 

C(5) - 

C(6) 

120.14(49) 

C(5) - 

C(6) - 

C(l) 

120.67(44) 

‘Estimated  standard  deviations  in  parentheses. 


Figure  Captions 


Figure  1.  The  molecular  structure  of  bis-(0,0'-diisopropyldithiophosphato)dlphenyl- 
tln(IV)  shoving  the  atomic  labeling.  Primed  atoms  are  related  to  the  corresponding 
unprlmed  atoms  by  inversion  center  at  Sn(l). 

Figure  2.  The  contents  of  the  unit  cell  shoving  the  molecular  packing. 

Figure  3.  A  viev  of  the  £-axis  of  propogation  shoving  the  nearest  intermolecular 
sulfur-sulfur  atoms  contacts  and  the  tin-tin  distance.  Singly  primed  atoms  are 
related  to  the  corresponding  unprimed  atoms  by  the  inverstlon  center  at  Sn(l). 

Doubly  primed  atoms  are  related  to  the  corresponding  unprimed  atoms  by  a  transla¬ 
tion  of  one  unit  cell  length  along  the  c-axis. 


! 
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